The normal intestinal microbiota inhabits the colon mucus without triggering an inflammatory response. The reason for this and how the intestinal mucus of the colon is organized have begun to be unraveled. The mucus is organized in two layers: an inner, stratified mucus layer that is firmly adherent to the epithelial cells and approximately 50 μm thick; and an outer, nonattached layer that is usually approximately 100 μm thick as measured in mouse. These mucus layers are organized around the highly glycosylated MUC2 mucin, forming a large, net-like polymer that is secreted by the goblet cells. The inner mucus layer is dense and does not allow bacteria to penetrate, thus keeping the epithelial cell surface free from bacteria. The inner mucus layer is converted into the outer layer, which is the habitat of the commensal flora. The outer mucus layer has an expanded volume due to proteolytic activities provided by the host but probably also caused by commensal bacterial proteases and glycosidases. The numerous O-glycans on the MUC2 mucin not only serve as nutrients for the bacteria but also as attachment sites and, as such, probably contribute to the selection of the species-specific colon flora. This observation that normal human individuals carry a uniform MUC2 mucin glycan array in colon may indicate such a specific selection.
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, a number well exceeding the number of cells in the human body (1) . The intestine contains nutrients that can be used by the bacteria, and the body temperature is optimal for the microbes. With such favorable conditions, it is remarkable that the host is not taken over by the fast-growing bacteria. To handle this, the host has a number of mechanisms, including the adaptive immune system and its production and secretion of secretory IgA (2, 3) . Even more important are components belonging to the innate immune system, some of which, like lysozyme and the antibacterial peptides, have antibacterial properties (4, 5) . The majority of the intestinal immune system is active in the small intestine, which is also more exposed to the intestinal bacteria (3, 6) . Passage through the small intestine is relatively fast (3-5 h), which gives limited time for bacteria to increase in number. This is in contrast to the colon, where bacteria reside for a much longer time.
In colon, the high number of commensal bacteria lives in symbiosis with their host as they help to extract energy by digesting indigestible glycoconjugates and contribute vitamins to the host (7) . This microbial community is diverse and complex and contains about 1,000 bacterial species. Each individual has at least 160 species, of which many are shared (8) . The bacterial gene pool well exceeds the number of human genes by a factor of 150. Many of these bacterial genes are expected not only to have an impact on the local conditions in the colon but also to have more general effects on the host metabolism (7) . Although these bacteria live in a symbiotic relation, they still pose a serious threat to their host. However, under normal conditions these bacteria are well tolerated. How this occurs is not fully understood, but two major principles are involved: (i) minimizing bacterial-epithelial cell contact, and (ii) the immune system having a tolerant way of handling bacteria (9) . The separation of bacteria and host is based on the physical network making up the colon mucus. The mucus also contains a number of proteins that limit bacterial growth and penetration, such as the antibacterial proteins and IgA. Both the innate and adaptive immune systems are responsible for eliminating the bacteria that reach the epithelial cells and that pass the epithelial cell barrier. The number of bacteria that penetrate is probably relatively high under normal conditions, but the immune system manages to handle this without an overt reaction. Important components in this process are the phagocytic cells with their capacity to engulf the bacteria, the dendritic cells that are presenting antigens, and especially the T cells repertoire with the regulatory T cell population. This important part of the intestinal protective system has been well covered in a number of recent reviews (9-12) and will not be discussed further. The discussion here will focus instead on the physical separation of bacteria and epithelial cells because this has been less well covered in recent reviews.
Organization of the Gastrointestinal Mucus
Mucus is important for the protection of the gastrointestinal tract; this has been understood for a long time. However, a deeper understanding of the organization of the mucus and the molecular details regarding the major components has only recently started to emerge. An important step forward was the development of a method for in vivo measurement of mucus thickness in live animals (13, 14) . The studies by Holm and colleagues showed that there are two mucus layers in the stomach and colon: an outer "loose" layer that was easy to aspirate and an inner mucus layer that was "firmly" attached to the epithelium (13) . These observations are illustrated in Fig. 1 , in which the mucus thicknesses shown are from rat. The stomach and colon have relatively well-defined mucus layers. This is in contrast to the small intestine, where the mucus is discontinuous and less well defined. The mucus is secreted at the top of the crypts and then moves upward between the villi. Thus, the tips of the villi are not always covered with mucus.
Two Mucus Layers in Colon
The thickness of the inner mucus layer in distal colon has been estimated to be approximately 50 μm in mice and 100 μm in rat (13, 15, 16) . A gradient with an increased thickness along the length of colon has been observed. To date, it has not been possible to measure the human inner mucus layer, but it is most likely even thicker. Although we do not have the full picture, it is obvious that the This article is a PNAS Direct Submission. 1 To whom correspondence should be addressed. E-mail: gunnar.hansson@medkem.gu.se.
thickness is controlled and can vary by unknown mechanisms. This is suggested, for example, from results in mice lacking the Muc1 transmembrane mucin, in which the inner firm mucus layer was found to be slightly thinner (15) . The outer loose and easily removed mucus has a less-well-defined outer limit. This layer is degraded by the commensal flora and transported distally together with the intestinal content. In general, the outer layer is estimated to be twice as thick as the inner layer, but this thickness is highly variable. This is dependent on the bacteria present, as suggested by results from germ-free mice that have a relatively thick loose layer in relation to the inner mucus layer (16) .
When colon tissue was fixed in Carnoy fixative and stained for the major constituent, Muc2 mucin, the mucus was confirmed to be organized as revealed by in vivo experiments ( Fig. 2A) . The inner mucus layer (Fig. 2 , "s") had a stratified appearance, with a dark green color. The outer loose layer (Fig. 2, "o") facing the lumen has a more disorganized appearance and a lighter green color (16) . The difference in immunostaining of the MUC2 mucin varies depending on the handling of the tissue sections but probably also reflects the density difference and organization of the Muc2 mucin.
No Bacteria Are Found in the Inner Mucus Layer
The observation of this two-layered organization in the colon mucus raised the possibility that the colon bacteria are not distributed uniformly in these layers. When this was analyzed by 16S rRNA FISH staining for bacteria, the bacteria were present only in the outer mucus layer and were totally absent in the inner layer ( Fig. 2B) (16) . The bacteria in the outer loose mucus layer were separated from the inner layer by the same sharp border as between the two Muc2 layers ( Fig. 2 A and B) . Thus, one can conclude that the colon bacteria normally do not reach the epithelial cells and are well separated from the immune system.
Why Has the Colon Mucus Organization Remained Unrecognized Until Now?
There have been previous observations indicating an organization of the colon mucus layers (17) . However, there has not been any description of the two mucus layers or that the inner layer has such an important role in maintaining a bacteria-free epithelial cell surface. There are many reasons why this has been undiscovered, but the two major reasons are directly linked to the very special properties of mucus. When a mouse colon is cut open and studied under a dissection microscope, the epithelial cell surface is easily revealed. When charcoal is sprinkled over the surface, the black powder is observed high above the epithelial surface. This surprising observation is maintained as long as the tissue is covered by a buffer, but as soon as it is not covered, the charcoal falls down onto the epithelial surface. Normal mucus is thus totally transparent, and it quickly collapses when it desiccates.
Why then have the mucus layers not been observed on tissue sections? Conventional fixation of tissues by formaldehyde or other cross-linking agents causes the mucus layers of colon to collapse and shrink to a very thin film lining the epithelia. The mucus thus only appears as a thin structure on a stained tissue section. The only way to preserve the mucus layers is to use a fixative that does not crosslink proteins and that does not contain any water. Carnoy is such a fixative when it is made from chloroform, dry methanol, and glacial acetic acid. This fixative gives results that are compatible with in vivo mucus measurements, as shown in Fig. 2 . Just as important is to collect a whole piece of colon with fecal content, especially a fecal pellet, because this protects the mucus from being washed off. Thus, the physico-chemical properties of mucus explain why the organization of the mucus layer in colon has been overlooked.
Mucus Composition
Studies of the protein composition of the two mucus layers by proteomics show almost identical protein profiles (16) . The major component is the only gel-forming mucin found, Muc2 mucin. Other components are Fcgbp, Clca3, Zg16, Agr2, immunoglobulins, and many more proteins. The mucus also contains cellular proteins because cells are continuously shed out into the lumen and trapped in the mucus. We also detected plasma proteins, but these are more likely due to contamination acquired during opening of the intestine.
The Fcgbp protein or Fc Ig binding protein was originally suggested to bind IgG (18) . Although it might also do this, its main function is probably different and reflected in its domain structure, with 13 von Willebrand D domains. Eleven of these domains have the Gly-Asp-Pro-His (GDPH) sequence, similar to the D4 domain of MUC2 and MUC5AC mucins (18) (19) (20) (21) . In the two mucins this sequence is cleaved between aspartate and proline by an autocatalytic mechanism that generates a new C-terminal end with an internal aspartate anhydride. This is a very reactive group that can link to both primary amines and hydroxyl groups. Our observation that Fcgbp is covalently attached to Muc2 mucin suggests that Fcgbp can act as a mucus cross-linker (21). Fig. 1 . Schematic proposal of how mucus is organized in the gut. The thicknesses given are from rat and adapted from the work of Holm and colleagues (13) . The red dots in the outer mucus layer of colon illustrate bacteria. The genes encoding the gel-forming mucins (green) expressed by the surface goblet cells in the different parts of the intestine are marked by name. o, outer loose mucus layer; s, inner stratified, firmly attached mucus layer. That the mucus thickness and length of the villi vary along the length of the gut is not illustrated. 
Structure of MUC2 Mucin
How then can Muc2 mucin build such a stable mucus layer? Human MUC2 mucin has a protein core of approximately 5,179 amino acids, with a domain structure as shown in Fig. 3 (22, 23) . Typical for mucins is the PTS domain with a high frequency of the amino acids proline, threonine, and serine (24) . These domains are often made up by repetitive sequences ordered in tandem and thus referred to as tandem repeats. The large PTS domain of human MUC2 has not been fully sequenced, but the known parts are built of an almost perfectly tandemly repeated sequence of 23 amino acids. The small PTS domain has, on the other hand, more degenerate repeats, and the PTS sequences known for mouse and rat Muc2 also suggest less perfect repeats. Studies on the evolution of mucins show that there is no amino acid sequence conservation of the PTS domains between species, and it was not possible to use these domains for mucin ortholog mining (24) . There is, thus, a low selection pressure for a specific amino acid sequence when comparing the PTS domain of the same mucin between species. It seems instead that it is the frequency of the PTS amino acids clustered in sufficiently long sequences that is conserved. In fact, the frequency of these three amino acids concentrated in long sequences can be used to search for mucin genes (25) . The PTS domains become densely O-glycosylated by the glycosylation machinery of the Golgi apparatus (Fig.  3) . When the PTS domains become decorated with glycans, these form "mucin domains" that have a long and extended rod appearance that resembles a bottle brush, with a central protein core and the O-glycans extending in all directions like brush bristles. These typical mucin domains give mucins their extended conformation and a high capacity to bind water, something that highly contributes to their gel-forming properties.
Flanking the PTS domains are regions that, on average, have an amino acid composition with nearly 10% cysteines. The MUC2 N terminus has three complete von Willebrand D domains (D1-D3) and one incomplete (D′), whereas the MUC2 C terminus has one such domain (D4), an overall organization similar to the related von Willebrand factor (Fig. 3) (26) . As for the von Willebrand factor, the N-and C-terminal parts of MUC2 mucin form disulfide bond-stabilized polymer networks, although the von Willebrand factor forms a linear polymer. The first event in the MUC2 polymerization process is the formation of dimers in the far Cterminal end, by the cysteine-knot domain (27) . The folding and dimerization of the MUC2 mucin seems to be a demanding process owing to the large number of disulfide bonds. We have found that, when expressing recombinant and truncated forms of MUC2, CHO cells easily accumulate large amounts of unfolded proteins. Cells that normally express mucins are more efficient in expressing and secreting recombinant MUC2. Mice with a mutation in the endoplasmic reticulum stress response key regulator XBP1 are more susceptible to induced colitis (28), but how this affects Muc2 has not been studied. The Agr2 protein, which has a special thioredoxin-like domain, is essential for the in vivo production of Muc2, and Agr2-null mice are highly susceptible to colitis (29, 30) . Finally, it has also been observed that several mouse strains with mutations causing a dysfunctional Muc2 mucin show a strong unfolded response (31) . All these observations suggest that the folding of Muc2 is a demanding process and that problems in these processes may cause defects in the colon mucus.
After the endoplasmic reticulum, the MUC2 dimers pass into the Golgi apparatus, where the O-glycans are attached and the dimers reach molecular masses of approximately 5 MDa (32). In the transGolgi network, the MUC2 mucin is sorted to the regulated secretory pathway by properties in its N-terminal part. The low pH and high calcium concentration in the secretory vesicles triggers the formation of disulfide-bonded N-terminal trimers (33) . When the N and C termini intermolecular disulfide bonds have been formed, a net-like structure is generated, as depicted in Fig. 3 . There is at present no experimental proof of such an organized net, and most probably it is not as symmetrical in vivo. In addition to these disulfide-mediated intermolecular bonds, the MUC2 mucin is also cross-linked by another covalent bond that is formed after MUC2 has passed the Golgi apparatus (32) . The nature of this is still not deciphered, but its formation seems to be related to the property of insolubility, a typical feature for MUC2 mucin (32, 34) .
Secretion of MUC2 Mucin
MUC2 is stored in a condensed way in the goblet cell mucin granulae. When the granulae are released, MUC2 mucin expands dramatically in volume. The release can often be observed on sections fixed in Carnoy, as for example in Fig. 2A (arrow) , where Muc2 mucin is shown streaming out from one of the goblet cells. It is sometimes possible to observe how the released mucins spread out and organize a sheet underneath the inner mucus layer (16) . This process is probably facilitated by the net-like structure of the MUC2 polymer, and it is possible that MUC2 can self-organize in this way. The formation of MUC2 organized sheets could be responsible for the lamellar stratified appearance of the inner mucus layer (16) . Fig. 3 . Domain structure and biosynthesis of MUC2 mucin. MUC2 has cysteine-rich N-and C-terminal parts with four complete von Willebrand D domains in total. The central PTS domains are rich in serine, threonine, and proline, and these domains become heavily O-glycosylated to generate mucin domains. MUC2 forms dimers in the endoplasmic reticulum by disulfide bonds between the C termini. The dimer is translocated into the Golgi apparatus, where it is O-glycosylated, resulting in a size of ≈5 MDa. The MUC2 network is formed by disulfide-linked trimers connecting the N termini. The large polymers are stored in mucin granulae in the goblet cells before being secreted. Fig. 4 . The firmly adherent mucus is converted to the loose mucus and expanded in volume. The secreted mucus is organized into the firmly adherent mucus that shows a stratified appearance. This mucus layer contains densely packed Muc2 that is insoluble in the chaotropic salt guanidinium chloride. At a certain distance from the epithelium it is converted into a nonattached, soluble mucus layer (loose). This is expanded in volume four times owing to proteolysis within the cysteine-rich parts of MUC2, in such a way that the polymeric network is maintained. The net-like structure will also allow limited proteolysis, disrupting the polymeric network without dissolving the gel. Arrows indicate both type of cleavages.
Properties of the Mucus Layers
Muc2 of the inner firm mucus layer is insoluble in the chaotropic salt guanidinium chloride, as is the Muc2 that is stored in the secretory vesicles (16) . On the other hand, the outer loose mucus layer is readily soluble. The transformation of Muc2 from an insoluble to a soluble form is probably a reflection of proteolytic cleavages that take place in Muc2 of the outer mucus layer (16) . These cleavages do not disrupt the Muc2 polymer but allow the mucus to expand approximately four times in volume (16) . This expansion is probably driven by the capacity of the mucin glycans to bind water. We do not know the molecular details of this process, but it is regulated by the host because germ-free mice also have an outer loose mucus layer (16) . Proteolytic cleavages in the cysteine-rich parts of Muc2, especially the C terminus, are probably a major explanation (16) . Cleavages in the Muc2 mucin do not necessarily dissolve the polymeric network because it can still be held together by the abundant disulfide bonds in these parts of Muc2, as illustrated by trypsin treatment of the Muc2 gel. This allows Muc2 to expand, but it does not fall apart (16) . Thus disulfide bonds can keep the Muc2 polymeric network together even after a cleavage in its peptide backbone. The net-like organization of the Muc2 polymer will also help to maintain the gel. The expansion in volume is illustrated in Fig. 4 .
MUC2 Glycosylation in Human Sigmoid Colon
Glycans make up approximately 80% of the MUC2 mucin mass. As discussed above, mucins are dominated by the O-glycans that are concentrated in the two central mucin domains. We recently Fig. 5 . MUC2 mucin from the human sigmoid colon of different individuals has, in contrast to mucins from other organs, a relatively uniform O-glycan composition. (A) Schematic composite structure describing a majority of the O-linked MUC2 oligosaccharides found in human sigmoid colon. This general composite structure is never observed with all substituents present at the same time. The structure is based on a core 3 structure and a repeated polylactosamine chain with up to three repeats on the C-3 position of the innermost N-acetylgalactosamine (GalNAc), as previously described (35) . The most used positions observed for different substituents are indicated by large letters, and the ones used less frequently are indicated by small letters. The residue marked HexNAc (N-acetylhexosamine) is most often a GlcNAc, but it can also be a terminal GalNAc. performed a detailed study of the O-linked glycans on MUC2 from sigmoid colon of 25 control patients (35) . As illustrated in Fig. 5A , a majority of the glycans were of the core 3 type, and most glycans had a sialic acid on the C-6 of the GalNAc attached to the protein core. More than 100 different glycan variants were discovered, and a majority of them were permutations of the composite structure shown in Fig. 5A . When the structures and their amounts were compared between these individuals, a relatively uniform pattern was observed. Fig. 5B shows an example of this, with the relative amounts of four different components. The uniform repertoire of glycans is highly interesting because mucins from other organs, such as the small intestine, stomach, and lungs, show a polymorphic profile reflecting the blood group status of the host. Why distal colon is different is not understood, but one could speculate that this has to do with selection of the commensal flora. Bacteria often carry adhesins, usually at the tip of their fimbrie, that bind mucins (36) . This was recently illustrated by the isolation of an adhesin from the commensal bacteria Lactobaccilus rhamnosus (37). Rawls et al. (38) also illustrated that the host has the capacity to select for a species-specific commensal gut flora. Interestingly, the O-glycans on MUC2 mucin from different species show a very variable glycan repertoire (39, 40) . Because the core bacteria also differ substantially between species, it is possible that the bacteria and host use glycan attachment for mutually selecting each other, to maintain an optimal symbiotic relation specific for each combination of host and bacteria.
Commensal Bacteria Live in the Outer Mucus Layer
The commensal bacteria in colon live and thrive in the outer loose mucus layer. This is possible after the Muc2 mucin network has expanded in volume, such that it allows the bacteria to penetrate into the mucin network. Once inside the mucus gel, the commensal bacteria can use its large number of glycan-degrading enzymes that release one monosaccharide at a time from the mucin glycans. In this way, it will take some time for the bacterial enzymes to reach and expose the mucin protein core for proteolysis that will degrade the mucin protein core. In this way the mucin polymeric network of the loose mucus is maintained for some time to give a relatively thick outer mucus layer. Although difficult to visualize, the outer loose mucus will probably be increasingly degraded the closer it comes to the luminal content. It is further indicated that bacteria contribute to dissolving the outer loose mucus as germ-free mice have, relative to the inner layer, a thick outer loose mucus layer (16) . As discussed, the volume expansion of the mucus network of the outer loose mucus layer is a process that involves endogenous proteases of the host that degrade Muc2 in such a way that the polymeric network remains largely intact (16) . However, it is not unlikely that bacteria can also contribute to this, because this should increase the amount of glycans available for the bacteria. This type of activity would be beneficial for the bacteria because it could facilitate bacteria reaching the energy-rich mucin glycans. However, such bacteria and enzymes have not been described to date.
Glycans are a very important energy source for bacteria. That commensal bacteria have the opportunity to degrade indigestible glycans has been crucial for the coevolution of host and its microbiota, because this increases the energy extraction from food significantly. The bacteria use its high number of glycan hydrolytic enzymes to degrade polysaccharides and other glycoconjugates that come to the colon from food via the small intestine (41, 42) . However, it is not only the extra energy that comes from the nondigestible food that is important: the bacterial degradation of the mucins and their glycans will also provide significant energy. This will allow the host to recover some of the energy spent to produce the protective mucus. The bacteria use the energy recovered for their own use, but a significant amount of carbon is converted into short fatty acids. These small molecules can easily diffuse through the inner mucus layer and are taken up by the colon epithelial cells. In fact, a major part of the energy used by the colonocytes is derived from the short fatty acids (acetate and butyrate) (41) . The discovery of the G protein-coupled receptors GPR41 and GPR43 in colon epithelial cells and that these are binding and gets activated by short fatty acids suggests that glycan metabolites can provide a close coupling between bacteria and the host (43) . Such a connection has been implied for long time because, for example, butyrate is known to affect differentiation and growth of epithelial cells.
We have shown that the parasite Entamoeba histolytica can secrete a protease that is able to disrupt the polymeric network of MUC2 mucin (44) . This parasite secretes a cysteine protease that is able to cleave human MUC2 mucin at a specific site between two threonines (the sequence RT/T), an odd specificity for a protease. This sequence is positioned in a part of MUC2 mucin that is not stabilized by any disulfide bonds. As expected, this enzyme was able to dissolve the guanidinium chloride-insoluble mucus gel that we now know is the major constituent of the inner firm mucus layer. Thus, the protease secreted by the Entamoeba parasite disrupts the MUC2 polymer network, and by this it is able to penetrate the inner mucus layer and reach the epithelial cell surface and invade the host. Although not described yet, there might be bacteria that also secrete enzymes that can dissolve the MUC2 polymeric network. If there are such bacteria, these might potentially be harmful for the host. In the Absence of Muc2, Bacteria Are in Contact with the Epithelium How important is MUC2 mucin for the mucus organization of colon? This was addressed by studies on Muc2 −/− mice (45) . Depending on environmental (animal house) conditions, these mice develop more or less severe inflammation, diarrhea, colon prolapsis, and failure to thrive, and have an increased risk of developing colon cancer (16, 45, 46) . When tissue sections of colon from Muc2 −/− mice were analyzed with FISH for bacterial 16S rRNA, the bacteria were found in direct contact with the epithelial cells and deep down in the crypts, something not observed in wildtype animals (16) . Some epithelial cells also had intracellular bacteria. Lack of Muc2 mucin thus means that there is no polymeric network that keeps the mucus layer together. This results in the loss of an inner mucus layer that can protect the epithelial cells. The observations in Muc2-null mice also show that the immune system of colon responds with inflammation when the bacteria constantly come in close contact with the epithelial cells.
Summary of Goblet Cell and Mucus Turnover
Our current understanding of the turnover of goblet cells, the formation of the inner mucus layer, and the transformation to the outer layer in the colon is summarized schematically in Fig. 6 . The crypt stem cells are dividing in the crypt bottom, and the Wnt-signaling pathway drives the goblet cell lineage differentiation (47). To obtain fully mature goblet cells with well-filled granulae, the Spdef transcription factor is necessary (48) . The goblet cells are filling up their granulae with Muc2 mucin during their migration from the crypt bottom (Fig. 6, Upper Left, arrow) . Most goblet cells are secreting their content when they reach the crypt opening. Goblet cells are responding to certain receptor agonists like carbachol, but we do not have the full picture of how colon goblet cell secretion is controlled. Once the mucins are released, they expand 100-1,000-fold in volume (Fig. 6 , Upper Right) by the capacity of the mucin glycans to bind water (49) . MUC2 mucin forms a polymeric net-like mucus layer that is anchored to the epithelial cells. The secreted Muc2 mucin is continuously refilling the inner mucus layer from underneath. Because the inner mucus layer is impervious to bacteria, it keeps the bacteria at a distance from the epithelial cell. Concomitant with the newly secreted mucins forming the inner mucus layer, this is transformed into the outer loose mucus on the luminal side. The molecular nature of this sharp transition from the inner to the outer mucus layer is not known, but it is followed by an expansion in volume. The loose mucus seems to be less organized, is degraded by the bacteria, and is finally passed distally with the stool. In the outer loose layer, the commensal bacteria can bind to MUC2 mucin and use its abundant glycans as an energy source.
The two-layered mucus organization is probably instrumental for a balanced and symbiotic relation between host and bacteria (3, 50) . This concept, with an inner mucus layer shielding the colon epithelial cells from bacteria, is new, and as usual in science, new concepts raise new questions. What is the explanation for the difference in the mucus organization between small and large intestine, given that the same MUC2 mucin is produced in both parts? How is the mucus layer attached to the epithelium in colon? How does the transition from the inner to outer layer take place, and how is it regulated? Are the MUC2 glycans involved in the selection of commensal flora? Finally, how is the inner mucus layer of colon related to colitis and the human disease ulcerative colitis? All these questions demand further detailed molecular understanding of the structure and processing of MUC2 mucin and its associated proteins that build the mucus layers of colon.
